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Pin Angle 23°

FIG. 22
Pin Angle 18.4°

Pin Angle 14°

Pin Angle 9.5°
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Pin Angle 27.6°

Pin Angle 23°

FIG. 25
Pin Angle 18.4°

Pin Angle 14°

Pin Angle 9.5°
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Pin Angle 276°

Pin Angle 23°

FIG. 26
Pin Angle 18.4°

Pin Angle 14°

Pin Angle 9.5°
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Pin Angle 27.6°

Pin Angle 23°

FIG. 27
Pin Angle 184°

Pin Angle 14°
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Pin Angle 9.5°
A
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Pin Angle 276° E

Pin Angle 23° D

FIG. 33

Pin Angle 184° C

Pin Angle 14° B

Pin Angle 9.5° A
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Pin Angle 27.6° E

Pin Angle 23° D

FIG. 34

Pin Angle 184° C

Pin Angle 14° B

Pin Angle 95° A
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Pin Angle 276° E

Pin Angle 23° D

FIG. 36

Pin Angle 184° C

Pin Angle 14° B
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1
FRICTION STIR WELDING METHOD

TECHNICAL FIELD

The present invention relates to a friction stir welding
method.

BACKGROUND ART

Patent Document 1 discloses a technology in which, by
carrying out a friction stir welding from the front and back
surfaces of the butting portion of the metal members in such
a way that the plasticized regions formed in the friction stir
welding are in contact with each other, the butting portion is
joined without a gap. According to this technology, air-tight-
ness and water-tightness of the metal members that are joined
together can be enhanced.

On the other hand, Patent Document 2 discloses a technol-
ogy in which a friction stir welding is carried out by inserting
a rotary tool specialized for inner corner friction stir welding
into an inner corner of two metal members that are butted
against each other orthogonally. FIG. 37 is a cross-sectional
view showing a conventional friction stir welding method. In
the conventional friction stir welding method, a friction stir
welding is carried out by the rotary tool 110 specialized for
inner corner friction stir welding at the butting portion J
formed by the end surface of the metal member 101 and the
side surface of the metal member 102 butted against each
other. The rotary tool 110 specialized for inner corner friction
stir welding includes a holding block 111 in the shape of a
triangle prism, a stirring pin 112 which is rotatable relative to
this holding block 111 while penetrating through the holding
block 111. In joining, the stirring pin 112 is rotated, while the
holding block 111 is in contact with respective side surfaces
of the metal members 101, 102.

Prior Technical Document
Patent Document

[Patent Document 1] Japanese Patent Application Laid-Open
Publication No. 2008-87036

[Patent Document 2] Japanese Patent Application Laid-Open
Publication No. hei 11-320128

SUMMARY OF THE INVENTION
Technical Problem

When joining the metal plate members of large thickness
by the conventional joining method, it is necessary to increase
the length and the outer diameter of the stirring pin. Further,
along with this upsizing, it is necessary to elongate the outer
diameter of the shoulder portion. However, there is a problem
in which, when the outer diameter of the shoulder portion
becomes larger, the friction between the metal members and
the shoulder portion increases, and thus the load exerted on
the friction stirring apparatus increases. This makes it difficult
to carry out the joining of the metal members, especially of
large plate thickness, at a deep location thereof.

On the other hand, in the conventional friction stir welding
for joining the inner corner portion of the metal members,
when the joining is carried out, the holding block 111 is
pressed against the metal members 101, 102 as shown in FIG.
37, and therefore the metal members 101, 102 can be scraped
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off by the holding block 111. In addition, the presence of the
holding block 111 prevents visual observation of the joining
part.

In addition, as shown in FIG. 37, one can conceive that,
before joining the metal members 101, 102 together at the
inner corner thereof, a provisional joining may be carried out
from the surface forming the outer corner. If the thicknesses
of the metal members 101, 102 are large, there is a problem
that a gap occurs between the plasticized region Wa formed
by the provisional joining and the plasticized region Wb
formed at the inner corner.

From this point of view, an object of the present invention
is to provide a friction stir welding method that enables the
joining to be carried out down to a deep location in the butting
portion, by reducing the load exerted on the friction stirring
apparatus. In addition, another object of the present invention
is to provide a friction stir welding method that reduces dam-
ages on the metal members in the time of joining and joins the
metal members preferably.

Solution to Problem

To achieve the object, the present invention is a method of
friction stir welding for joining two metal members together
using a rotary tool including a stirring pin, comprising a
primary joining process for inserting the stirring pin in a
rotating state into a butting portion of the metal members and
carrying out friction stir welding with only the stirring pin
contacting with the metal members.

According to the method, by limiting the parts contacting
with the metal members only to the stirring pin, the friction
between the metal members and the rotary tool, and thus the
load exerted on the friction stirring apparatus, can be reduced
as compared to the conventional friction stir welding method
in which the shoulder is pushed onto the metal members. That
is, in the present invention, the stirring pin can be inserted into
a deep location in the metal members, and thus even metal
members having a large plate thickness can be joined together
down to a deep location.

Moreover, a method of friction stir welding for joining two
metal members together using a rotary tool including a stir-
ring pin comprises a primary joining process for inserting the
stirring pin in a rotating state into a butting portion of the
metal members and carrying out friction stir welding with
only the stirring pin contacting with the metal members, the
primary joining process comprising: a first primary joining
process for carrying out friction stir welding from a front
surface of the metal members; and a second primary joining
process for carrying out friction stir welding from a back
surface of the metal members; wherein a plasticized region
formed in the first primary joining process and a plasticized
region formed in the second primary joining process adjoin
each other.

According to the method, by limiting parts contacting with
the metal members only to the stirring pin, the friction
between the metal members and the rotary tool and thus the
load exerted on the friction stirring apparatus can be reduced
as compared to the conventional friction stir welding method
in which the shoulder is pushed onto the metal members. That
is, in the present invention, because the stirring pin can be
inserted into a deep location in the metal members, even metal
members having a large plate thickness can be joined together
down to a deep location. Moreover, because the friction stir
welding can be carried out over the entire length in thickness
direction of the butting portion, the air-tightness and water-
tightness can be enhanced.
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Moreover, it is preferred to carry out buildup welding on a
plasticized region formed in the primary joining process.
According to the method, the insufficient amount of metal
due to the primary joining process can be replenished.

Moreover, it is preferred to carry out a disposing process
for disposing a refill member on the plasticized region formed
in the primary joining process, and a refill member joining
process for joining the refill member to the metal members.
According to the method, the insufficient amount of metal
due to the primary joining process can be replenished.

Moreover, it is preferred that the method includes a provi-
sional joining process forjoining the metal members together
provisionally before carrying out the primary joining process.
According to the method, when the primary joining process is
carried out, the metal members are prevented from separating
away from each other.

Moreover, it is preferred to dispose a tab member in the
vicinity of the butting portion, form a pilot hole in the tab
member, and then insert the stirring pin into the pilot hole to
carry out the primary joining process. According to the
method, the press-fitting resistance in pushing the rotary tool
into the metal members can be reduced.

Moreover, the present invention is a method of friction stir
welding for joining two metal members together using a
rotary tool including a stirring pin, comprising: a butting
process for butting the metal members against one another
with an angle therebetween in order to form a butting portion;
and a primary joining process for inserting the stirring pin in
a rotating state into an inner corner of the metal members and
carrying out friction stir welding on the butting portion with
only the stirring pin contacting with the both metal members.

Moreover, the present invention is a method of friction stir
welding for joining two metal members together using a
rotary tool including a stirring pin, comprising: a butting
process for butting the metal members against one another
with an angle therebetween in order to form a butting portion;
a first primary joining process for inserting the stirring pin in
a rotating state into an inner corner of the metal members and
carrying out friction stir welding on the butting portion with
only the stirring pin contacting with the both metal members;
and a second primary joining process for inserting the stirring
pin in a rotating state into a surface forming an outer corner of
the metal members and carrying out friction stir welding on
the butting portion with only the stirring pin contacting with
the both metal members.

According to the method, because only the stirring pin
contacts with the metal members, the damage on the side
surfaces of the metal members can be reduced while the metal
members are joined together. Moreover, because a conven-
tional holding block is not used for the rotary tool, the joining
portion can be observed visually. Thus, the operation can be
facilitated.

Moreover, it is preferred that a plasticized region formed in
the first primary joining process and a plasticized region
formed in the second primary joining process overlap each
another. According to the method, a gap of the butting portion
is eliminated, and thus the air-tightness and water-tightness
can be enhanced.

Moreover, it is preferred that, in the butting process, a side
surface of one metal member is butted against an end surface
of the other metal member, with an angle o at an inner corner
formed by the side surface of the one metal member and a side
surface of the other metal member, and in the first primary
joining process, a rotation center axis of the rotary tool
inserted into an intersection line of the side surfaces is posi-
tioned between an imaginary reference surface and the side
surface of the one metal member, the imaginary reference
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surface passing through the intersection line and forming an
angle /2 with the side surfaces.

According to the method, by inclining the rotary tool
toward either one of the metal members, a stirring pin can be
inserted into a deep location in the butting portion, and thus
the joining can be carried out down to a deep location in the
butting portion.

Moreover, it is preferred to include a provisional joining
process for, before the primary joining process, inserting a
rotary tool in a rotating state into a surface forming an outer
corner of the metal members and joining the butting portion
provisionally. According to the joining method, when the
primary joining process is carried out, the metal members can
be prevented from separating away from each other.

Moreover, in the primary joining process, it is preferred
that the plasticized region formed in the primary joining
process overlaps the plasticized region formed in the provi-
sional joining process. According to the joining method, by
overlapping the plasticized regions one another, a gap at the
butting portion is eliminated, and thus the air-tightness and
water-tightness can be enhanced.

Moreover, it is preferred to carry out buildup welding on a
plasticized region formed in the primary joining process.
According to the method, the insufficient amount of metal
due to the primary joining process can be replenished.

Advantageous Effects of Invention

According to the friction stir welding method of the present
invention, the joining is carried out down to deep part of the
butting portion, by reducing the load exerted on the friction
stirring apparatus. Moreover, according to the friction stir
welding method of the present invention, the damage of the
metal members during joining is reduced and the joining is
carried out preferably.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a side view showing the primary joining rotary
tool of the first embodiment, and FIG. 1B is a schematic
sectional view showing the joining scheme of the primary
joining rotary tool.

FIG. 2A is a side view showing the provisional joining
rotary tool of the first embodiment, and FIG. 2B is a sche-
matic sectional view showing the joining scheme of the pro-
visional joining rotary tool.

FIG. 3A is a perspective view showing the preparation
process of the first embodiment, and FIG. 3B is a plan view
showing the preparation process of the first embodiment.

FIG. 4A is a plan view showing the first preliminary pro-
cess of the first embodiment during joining, and FIG. 4B is a
plan view showing the first preliminary process of the first
embodiment at its end.

FIG. 5A is a plan view showing the first primary joining
process of the first embodiment during joining, and FIG. 5B
is a plan view showing the first primary joining process of the
first embodiment at its end.

FIG. 6 is a perspective view showing the first repairing
process of the first embodiment.

FIG. 7A is a plan view showing the repair member joining
process in the first repairing process of the first embodiment,
and FIG. 7B is a sectional view showing the repair member
joining process in the first repairing process of the first
embodiment.

FIG. 8 is a sectional view showing the first embodiment
after the first repairing process.
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FIG. 9A is a sectional view showing the second primary
joining process of the first embodiment, and FIG. 9B is a
sectional view showing the second repairing process of the
present embodiment.

FIG. 10A is a view showing the milling process of a variant
of' the repairing process, and FIG. 10B is a view showing the
buildup welding process of a variant of the repairing process.

FIG. 11A is a perspective view showing the preparation
process of the second embodiment, and FIG. 11B is a per-
spective view showing the preliminary process of the second
embodiment.

FIG. 12A is a perspective view showing the primary join-
ing process of the second embodiment, and FIG. 12B is a
sectional view showing the primary joining process of the
second embodiment.

FIG. 13 is a sectional view showing the repairing process of
the second embodiment.

FIG. 14A is a sectional view showing the first primary
joining process of the third embodiment, and FIG. 14B is a
sectional view showing the second primary joining process of
the third embodiment.

FIG. 15 shows conditions and sectional views of respective
plasticized regions of working example 1.

FIG. 16 is a sectional view for explanation of working
example 1.

FIG. 17 shows conditions and sectional views of respective
plasticized regions of working example 2.

FIG. 18 is a sectional view for explanation of working
examples 2 and 3.

FIG. 19 shows conditions and sectional views of respective
plasticized regions of working example 3.

FIG. 20 is a side view showing basic shapes of the primary
joining rotary tools which are used in working examples 4-6.

FIG. 21 is side views showing the first and second series of
the primary joining rotary tool which are used in working
examples 4-6.

FIG. 22 is side views showing the third and fourth series of
the primary joining rotary tool which are used in working
examples 4-6.

FIG. 23A is a schematic diagram showing the material
reduction amount of the fillet portion of the working example,
and FIG. 23B is a schematic diagram showing the sectional
area of the screw of the working example.

FIG. 24 is sectional views showing the results of the first
and second series in working example 4.

FIG. 25 is sectional views showing the results of the third
and fourth series in working example 4.

FIG. 26 is sectional views showing the results of the first
and second series in working example 5.

FIG. 27 is sectional views showing the results of the third
and fourth series in working example 5.

FIG. 28 is a graph showing the relationship between the
sectional area of the screw and the material reduction amount
of the fillet portion in working example 4.

FIG. 29 is a graph showing the relationship between the
sectional area of the screw and the material reduction amount
of the fillet portion in working example 5.

FIG. 30 is sectional views showing the results of working
example 6, where the rotating speed of primary joining rotary
tool B-1 is set to 1000 rpm, and the joining speed is set to 100
mm/min, 200 mm/min, 300 mm/min, and 500 mm/min.

FIG. 31 is sectional views showing the results of working
example 6, where the rotating speed of primary joining rotary
tool C-1 is set to 1000 rpm, and the joining speed is set to 100
mm/min, 200 mm/min, 300 mm/min, and 500 mm/min.

FIG. 32 is sectional views showing the results of working
example 6, where the rotating speed of primary joining rotary
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tool A-4 is set to 1000 rpm, and the joining speed is set to 100
mm/min, 200 mm/min, 300 mm/min, and 500 mm/min.

FIG. 33 is sectional views showing the results of working
example 6, where the rotating speed is set to 1000 rpm and the
joining speed is set to 100 mm/min.

FIG. 34 is a sectional views showing the results of working
example 6, where the rotating speed is set to 1000 rpm and the
joining speed is set to 200 mm/min.

FIG. 35 is a sectional views showing the results of working
example 6, where the rotating speed is set to 1000 rpm and the
joining speed is set to 300 mm/min.

FIG. 36 is a sectional views showing the results of working
example 6, where the rotating speed is set to 1000 rpm and the
joining speed is set to 500 mm/min.

FIG. 37 is a sectional view showing the conventional fric-
tion stir welding method.

DETAILED DESCRIPTION OF THE
EMBODIMENT

First Embodiment

The first embodiment of the present invention will be
described in detail with reference to the figures. First, a pri-
mary joining rotary tool and a provisional joining rotary tool
used in the present embodiment will be described.

As shown in FIG. 1A, the primary joining rotary tool is
made up of a connection portion F1 and a stirring pin F2. The
primary joining rotary tool F is formed, for example, ofa tool
steel. The connection portion F1 is a portion that is to be
connected to a rotary shaft D of a friction stirring apparatus
shown in FIG. 1B. The connection portion F1 has a cylindri-
cal shape, and includes bolt holes B, B formed therein, to
which bolts are fastened.

The stirring pin F2 hangs down from the connection por-
tion F1, and is coaxial with the connection portion F1. The
stirring pin F2 tapers off as it is away from the connection
portion F1. A spiral groove F3 is engraved on the outer cir-
cumferential surface of the stirring pin F2.

As shown in FIG. 1B, when the friction stir welding is
carried out by means of the primary joining rotary tool F, the
primary joining rotary tool F is moved in such a manner that
only the stirring pin F2 in a rotating state is inserted into the
metal members 1 and the connection portion F1 is kept away
from the metal members 1. In other words, the friction stir
welding is carried out in a condition where the base end
portion of the stirring pin F2 is taken out of the friction-stirred
metal. Along the movement path of the primary joining rotary
tool F, a plasticized region W is formed after the friction-
stirred metal hardens.

As shown in FIG. 2 A, the provisional joining rotary tool G
is made up of a shoulder portion G1 and a stirring pin G2. The
provisional joining rotary tool G is formed, for example, of a
tool steel. As shown in FIG. 2B, the shoulder portion G1 is a
portion that is to be connected to the rotary shaft D of the
friction stirring apparatus as well as a portion to press the
metal that is plasticized and fluidized. The shoulder portion
G1 has a cylindrical shape. The lower end surface of the
shoulder portion G1 is concaved to prevent the fluidized metal
from flowing outward.

The stirring pin G2 hangs down from the shoulder portion
(1, and is coaxial with the shoulder portion G1. The stirring
pin G2 tapers off as it is away from the shoulder portion G1.
the stirring pin G2 has a spiral groove G3 engraved on the
outer circumferential surface thereof.

As shown in FIG. 2B, when the friction stir welding is
carried out by means of the provisional joining rotary tool G,
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the stirring pin G2 and the lower end of the shoulder portion
(1, which are in a rotating state, are inserted into the metal
member 1 and moved. Along the movement path of the pro-
visional joining rotary tool G, a plasticized region w is formed
after the friction-stirred metal hardens.

Next, the friction stir welding method specific to the
present embodiment will be described. The present embodi-
ment includes (1) a preparation process, (2) a first preliminary
process, (3) afirst primary joining process, (4) a first repairing
process, (5) a second preliminary process, (6) a second pri-
mary joining process, and (7) a second repairing process. The
first preliminary process, the first primary joining process and
the first repairing process are the processes that are carried out
from the front surfaces of the metal members 1. The second
preliminary process, the second primary joining process and
the second repairing process are the processes that are carried
out from the back surfaces of the metal members 1.

(1) Preparation Process

The preparation process will be explained with reference to
FIG. 3. In the present embodiment, the preparation process
includes: a butting process for butting the metal members 1, 1
which are to be joined against each other; a tab member
disposing process for disposing a first tab member 2 and a
second tab member 3 on both sides of the butting portion J1 of
the metal members 1, 1; and a welding process for joining
provisionally the first tab member 2 and the second tab mem-
ber 3 to the metal members 1, 1 by welding.

In the butting process, the metal members 1, 1 to be joined
are arranged to form an L-shape, and a side surface of one
metal member 1 is brought into contact with an end surface of
the other metal member 1 without a gap therebetween. The
metal members 1 need to be a metal capable of being stirred
by friction, and in the present embodiment an aluminum alloy
is used.

In the tab member disposing process, the first tab member
2 is located on one peripheral side (outer side) of the butting
portion J1 of the metal members 1, 1 so as to bring a contact
surface 21 (refer to FIG. 3B) of the first tab member 2 into
contact with the side surface of the outer side of the metal
members 1, 1. Also, the second tab member 3 is located onthe
opposite peripheral side of the butting portion J1 so as to bring
the contact surfaces 31, 31 (referto FIG. 3B) of the second tab
member 3 into contact with the side surfaces of the inner side
ofthe metal members 1, 1. It should be noted that, if the metal
members 1, 1 are combined in a [.-shape, one of the first tab
member 2 and the second tab member 3 (in the present
embodiment, the second tab member 3) is located at the inner
corner portion formed by the metal members 1, 1 (the corner
formed by the side surfaces of the inner side of the metal
members 1, 1).

In the welding process, the metal members 1 and the first
tab member 2 are joined together by welding inner corner
portions 2a, 2a formed by the metal members 1 and the first
tab member 2. Also, the metal members 1 and the second tab
member 3 are joined together by welding inner corner por-
tions 3a, 3a formed by the metal members 1 and the second
tab member 3.

After the preparation process, the metal members 1, 1, the
first tab member 2 and the second tab member 3 are placed on
a platform of the friction stirring apparatus (not shown), and
are unmovably fixed using a jig such as a clamp (not shown).
(2) First Preliminary Process

The first preliminary process includes: a first tab member
joining process for joining the metal members 1, 1 with the
first tab member 2 at the butting portion J2 therebetween; a
provisional joining process for provisionally joining the
metal members 1, 1 together at the butting portion J1 ther-
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ebetween; a second tab member joining process for joining
the metal members 1, 1 with the second tab member 3 at the
butting portion J3 therebetween; and a pilot hole forming
process for forming a pilot hole at a starting position of the
friction stirring in the first primary joining process.

As shown in FIGS. 4A and 4B, a single provisional joining
rotary tool G is moved to form a movement path (bead) with
a single stroke in order to carry out the friction stirring con-
tinuously on the butting portions J1, J2, J3.

First, the stirring pin G2 of the provisional joining rotary
tool G, which is rotating counterclockwise, is inserted into a
starting position SP which is set where appropriate in the first
tab member 2, in order to start the friction stirring. Then, the
provisional joining rotary tool G is relatively moved toward
the starting point s2 of the first tab member joining process.

After the friction stirring is carried out continuously to the
starting point s2 of the first tab member joining process by
relatively moving the provisional joining rotary tool G, the
first tab member joining process starts without pulling out the
provisional joining rotary tool G at the starting point s2.

In the first tab member joining process, a friction stirring is
carried out on the butting portion J2 between the first tab
member 2 and the metal members 1, 1. Specifically, the
friction stirring is carried out on the butting portion J2, by
setting a route of the friction stirring on the seam between the
metal members 1, 1 and the first tab member 2 and relatively
moving the provisional joining rotary tool G along the route.
In the present embodiment, the friction stirring is carried out
continuously from the starting point s2 to the ending point e2
of the first tab member joining process, without pulling out
the provisional joining rotary tool G midway.

If the provisional joining rotary tool G is rotated counter-
clockwise, microscopic joining defects might occur on the
right side in the traveling direction. Thus, it is preferred that
the positions of the starting point s2 and the ending point €2 of
the first tab member joining process are set in such a manner
that the metal members 1, 1 are positioned on the left side in
the traveling direction of the provisional joining rotary tool G.
This makes it difficult for the joining defects to occur in the
metal members 1, and thus enables a high quality joining
body to be obtained.

When the provisional joining rotary tool G reaches the
ending point e2 of the first tab member joining process, the
friction stirring is not finished at the ending point ¢2 but
continued to the starting point s1 of the provisional joining
process, and the provisional joining process starts without
interruption. In the present embodiment, the route of the
friction stirring from the ending point e2 of the first tab
member joining process to the starting point s1 of the provi-
sional joining process is set in the first tab member 2.

In the provisional joining process, the friction stirring is
carried out on the butting portion J1 of the metal members 1,
1. Specifically, the friction stirring is carried out on the butting
portion J1, by setting a route of the friction stirring on a seam
between the metal members 1, 1 and relatively moving the
provisional joining rotary tool G along the route. In the
present embodiment, the friction stirring is carried out con-
tinuously from the starting point s1 to the ending point el of
the provisional joining process without pulling out the provi-
sional joining rotary tool G midway.

When the provisional joining rotary tool G reaches the
ending point el of the provisional joining process, the second
tab member joining process is started without interruption. In
other words, the second tab member joining process is started
without pulling out the provisional joining rotary tool G at the
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ending point el of the provisional joining process, which is
the starting point s3 of the second tab member joining process
as well.

In the second tab member joining process, the friction
stirring is carried out on the butting portions J3, J3 between
the metal members 1, 1 and the second tab member 3. In the
present embodiment, the starting point s3 of the second tab
member joining process is positioned at a middle point of the
butting portions J3, J3. Thus, the friction stirring is carried out
continuously from the starting point s3 to the ending point e3
of the second tab member joining process, by setting a turn-
around point m3 on a route of friction stirring from the start-
ing point s3 to the ending point e3 of the second tab member
joining process, and moving the provisional joining rotary
tool G from the starting point s3 to the turnaround point m3
(refer to FIG. 4A) and then from the turnaround point m3 to
the ending point e3 (refer to FIG. 4B). In other words, the
friction stirring is carried out continuously from the starting
point s3 to the ending point €3 of the second tab member
joining process, by moving the provisional joining rotary tool
G forward and backward between the starting point s3 and the
turnaround point m3 and then to the ending point e3. Here, the
route of the friction stirring from the starting point s3 to the
turnaround point m3 and the route of the friction stirring from
the turnaround point m3 to the ending point e3 are respec-
tively set on the seam between the metal members 1 and the
second tab member 3.

Although there is no limitation to a positional relationship
between the starting point s3, the turnaround point m3 and the
ending point e3, it is desirable that, if the provisional joining
rotary tool G is rotated counterclockwise as in the present
embodiment, the positions of the starting point s3, the turn-
around point m3 and the ending point €3 of the second tab
member joining process are set in such a manner that the
metal members 1, 1 are positioned on the left side in the
traveling direction of the provisional joining rotary tool G at
least along the route of friction stirring from the turnaround
point m3 to the ending point e3. In this case, it is desirable
that, in the forward path as well as the backward path between
the starting point s3 and the turnaround point m3, a route is set
on the seam between the metal member 1 and the second tab
member 3, and the provisional joining rotary tool is moved
along the route. In this way, even if the metal member 1 is
positioned on the right side in the traveling direction of the
provisional joining rotary tool G during its movement from
the starting point s3 to the turnaround point m3 and the
joining defects occur on the side of the metal member 1, the
metal member 1 is positioned on the left side in the traveling
direction of the provisional joining rotary tool G during the
subsequent friction stirring from the turnaround point m3 to
the ending point €3, and thus the aforementioned joining
defects are eliminated and a high quality joining body can be
obtained.

It should be noted that, if the provisional joining rotary tool
G is rotated clockwise, it is desirable that the positions of the
starting point, the turnaround point and the ending point of the
second tab member joining process are set in such a manner
that the metal members 1, 1 are positioned on the right side in
the traveling direction of the provisional joining rotary tool G
along the route of friction stirring from the turnaround point
to the ending point. Specifically, although not shown in fig-
ures, a turnaround point may be set at the position of the
ending point e3 that is set when the provisional joining rotary
tool G rotates counterclockwise, and an ending point may be
set at the position of the turnaround point m3 that is set when
the provisional joining rotary tool G rotates counterclock-
wise.
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As shown in FIG. 4B, if the provisional joining rotary tool
G reaches the ending point e3 of the second tab member
joining process, the friction stirring is continued to a complete
position EP which is set in the second tab member 3, without
finishing the friction stirring at the ending point e3. If the
provisional joining rotary tool G reaches the complete posi-
tion EP, the stirring pin G2 is pulled out of the complete
position EP by rotating and uplifting the provisional joining
rotary tool G.

Subsequently, the pilot hole forming process is carried out.
The pilothole forming process is a process to form a pilothole
at the starting position of the friction stirring in the first
primary joining process. Although a new pilot hole may be
formed, in the present embodiment a pilot hole is formed by
expanding the diameter of the pull-out hole formed when
pulling out the stirring pin G2 of the provisional joining rotary
tool G by means of a drill or the like. This enables the pilot
hole machining operation to be skipped or simplified, and
thus shortens the operation time. It should be noted that the
aforementioned pull-out hole may be used as it is as the pilot
hole.

(3) First Primary Joining Process

If the first preliminary process is completed, the first pri-
mary joining process is carried out to join the metal members
1, 1 together firmly at the butting portion J1. In the first
primary joining process according to the present embodi-
ment, the friction stirring is carried out on the butting portion
J1 which is provisionally joined, from the front surface of the
metal members 1, by means of the primary joining rotary tool
F shown in FIG. 1A.

In the first primary joining process, as shown in FIG. 5, the
friction stirring is started by rotating clockwise the primary
joining rotary tool F and inserting the stirring pin F2 into the
starting position SM1 (i.e., the complete position EP shown in
FIG. 4B).

The friction stirring is carried out to one end of the butting
portion J1 of the metal members 1, 1, and then without inter-
ruption the primary joining rotary tool F is moved into the
butting portion J1 and is relatively moved along a route of
friction stirring which is set on the seam of the metal members
1, 1, so that the friction stirring is carried out continuously
from one end to the other end of the butting portion J1. Here,
as shown in FIG. 1B, only the stirring pin F2 is inserted into
the butting portion J1, with the connection portion F1 of the
primary joining rotary tool F kept away from the metal mem-
bers 1. As shown in FIG. 5B, after the primary joining rotary
tool F is relatively moved to the other end of the butting
portion J1, the primary joining rotary tool F is moved across
the butting portion J2, and without interruption relatively
moved toward the complete position EM1, while carrying out
the friction stirring.

When the primary joining rotary tool F reaches the com-
plete position EM1, the primary joining rotary tool F is
uplifted, while rotating, in order to pull out the stirring pin F2
from the complete position EM1. When the stirring pin F2 is
pulled out upward at the complete position EM1, a pull-out
hole of a substantially same shape as the stirring pin F2 is
formed inevitably, but in the present embodiment it is left
there as it is.

(4) First Repairing Process

When the first primary joining process is completed, the
first repairing process is initiated on the plasticized region W1
formed in the metal members 1 by the first primary joining
process. In the first repairing process according to the present
embodiment, as shown in FIG. 6 and FIG. 7, a depressed
groove forming process for forming a depressed groove M, a
disposing process for disposing a refill member 4 at the
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depressed groove M, and a refill member joining process for
joining the metal members 1 with the refill member 4 are
carried out.

In the depressed groove forming process, as shown in FIG.
6, the depressed groove M is formed on the front surface of the
plasticized region W1 formed during the movement of the
primary joining rotary tool F. In the depressed groove forming
process, the depressed groove M having a rectangular cross-
sectional shape is formed by cutting the front surface of the
plasticized region W1 and burrs for example by means of an
end mill or the like.

In the disposing process, the refill member 4 is fitted in the
depressed groove M. The refill member 4 is a metal plate
made of a material of the same class as the metal member 1.
The refill member 4 has a substantially same shape as the
depressed groove M. The thickness of the refill member 4 is
substantially same as the depth of the depressed groove M.

In the refill member joining process, as shown in FIG. 7A,
the friction stir welding is carried out on the butting portion J4
which is a butting portion of the refill member 4 with the metal
members 1, the first tab member 2 and the second tab member
3. Specifically, the provisional joining rotary tool G in a
rotating state is inserted into the starting position SH1 set in
the second tab member 3, and moved so as to make a circuit
along the butting portion J4 down to the complete position
EH1. As shown in FIG. 7B, in the refill member joining
process, the provisional joining rotary tool G is moved with
the shoulder portion G1 being pushed into the front surface 12
of the metal member 1. Moreover, the stirring pin G2 of the
provisional joining rotary tool G is designed longer than the
thickness of the refill member 4.

As shown in FIG. 8, after the provisional joining rotary tool
G is moved around to form two lines of plasticized regions w2
with respect to the refill member 4, all area of the refill
member 4 is covered by the plasticized regions w2, w2. Since
the plasticized region W1 and the plasticized region w2 over-
lap each other, the air-tightness and water-tightness can be
further enhanced.

After the first primary joining process, if a stepped portion
between the front surface 12 of the metal members 1 and the
front surface of the plasticized region W1 is large, the
depressed groove forming process can be omitted. Mean-
while, in the refill member joining process, the metal mem-
bers 1 and the refill member 4 may be joined together by
normal welding.

(5) Second Preliminary Process

When the first primary joining process is finished, the
metal members 1, 1 are turned over, and the second prelimi-
nary process is carried out. In the present embodiment, the
second preliminary process includes a pilot hole forming
process for forming a pilot hole (not shown) at the starting
position of the friction stirring in the second primary joining
process. It should be noted that, in the second preliminary
process, the provisional joining may be carried out on the
butting portion J1 from the back surface 13 of the metal
members 1, 1.

(6) Second Primary Joining Process

When the second preliminary process is completed, the
second primary joining process is carried out as shown in
FIG.9A, in which the friction stir welding is carried out on the
butting portion J1 from the back surface 13 of the metal
members 1 by means of the primary joining rotary tool F. In
the second primary joining process, a substantially same
operation as the first primary joining process is carried out
from the back surface 13. In the second primary joining
process, only the stirring pin F2 is inserted into the metal
members 1, with the connection portion F1 of the primary
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joining rotary tool F being kept away from the metal members
1. When the friction stir welding is carried out on the butting
portion J1, the stirring pin F2 of the primary joining rotary
tool F is put into the plasticized region W1 formed by the first
primary joining process to carry out the friction stirring.

(7) Second Repairing Process

When the second primary joining process is completed, the
second repairing process is initiated on the plasticized region
W2 formed in the metal members 1 by the second primary
joining process. In the second repairing process, a substan-
tially same operation as the first repairing process is carried
out from the back surface 13. As shown in FIG. 9B, after the
second repairing process is carried out, all area of the refill
member 4 is all covered by two lines of plasticized regions
w3. Lastly, the first tab member 2 and the second tab member
3 are cut off from the metal members 1, 1.

According to the friction stir welding described above,
when the friction stir welding is carried out, only the stirring
pin F2 of the primary joining rotary tool F is brought into
contact with the metal members 1, 1, and thus the friction
between the metal members 1, 1 and the primary joining
rotary tool F can be reduced as compared to prior arts, and the
load on the friction stirring apparatus can be reduced. Since
the load on the friction stirring apparatus is reduced, the
stirring pin F2 can be inserted into a deep location of the metal
members 1, 1.

Moreover, by having the plasticized region W1 formed by
the first primary joining process in contact with the plasti-
cized region W2 formed by the second primary joining pro-
cess, the friction stir welding can be carried out over the entire
length in a thickness direction of the butting portion J1, and
thus the air-tightness and water-tightness can be enhanced.
Moreover, in the present embodiment, when the second pri-
mary joining process is carried out, the friction stir welding is
carried out in such a manner that the stirring pin F2 is brought
into contact with the plasticized region W1. Thus, even if the
joining defects are present in the plasticized region W1, such
joining defects can be repaired.

Moreover, even if a stepped portion is formed on the front
surface 12 or the back surface 13 of the metal members 1 in
the first primary joining process or the second primary joining
process, the front surface 12 or the back surface 13 of the
metal members 1 can be formed flat by carrying out the
repairing process. Moreover, in the refill member joining
process, although at least the metal members 1 and the refill
member 4 are joined together, the air-tightness and water-
tightness can be further enhanced by carrying out the friction
stir welding on the entire refill member 4 and covering the
refill member 4 with the plasticized regions w2, w3 as in the
present embodiment.

Moreover, by carrying out the provisional joining process
of the butting portion J1, the metal members 1, 1 can be
prevented from separating away from each other when car-
rying out the primary joining process. Moreover, the opera-
tion for inserting and pulling out the rotary tool can be facili-
tated by providing the tab members, and the friction force
against insertion of the rotary tool can be reduced by provid-
ing a pilot hole in these tab members.

In the above, the first embodiment of the present invention
is explained, but its design can be changed within the scope
not contradicting the spirit of the present invention. For
example, FIG. 10A and FIG. 10B are the figures showing an
exemplary variant of the repairing process; FIG. 10A shows a
depressed groove forming process, and FIG. 10B shows a
buildup welding process. In the repairing process, a repair can
be conducted by buildup welding instead of the refill member
4. That is, as shown in FIG. 10A, after the depressed groove
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M is formed on the plasticized region W1 formed by the first
primary joining process, the buildup welding may be carried
out on the depressed groove M. Thus, the weld metal N is
filled in the depressed groove M, and the front surface 12 of
the metal members 1, 1 can be formed flat. It should be noted
that the depressed groove forming process may be omitted.

Moreover, although the provisional joining process is car-
ried out by the friction stir welding in the first embodiment, it
may be carried out by normal welding. Moreover, in the
repairing process carried out by means of'the refill member 4,
the provisional joining rotary tool G is used, but a larger
rotary tool may be used if the refill member 4 is thicker.
Moreover, the refill member 4 and the metal members 1 may
be joined by normal welding.

Second Embodiment

The second embodiment of the present invention will be
described in detail. The second embodiment includes (1) a
preparation process, (2) a preliminary process, (3) a primary
joining process, and (4) a repairing process.

(1) Preparation Process

The preparation process will be described with reference to
FIG. 11. In the second embodiment, the preparation process
includes: a butting process for butting metal members 201,
202 to be joined against each other; a tab member disposing
process for disposing a tab member 203 at a periphery of the
butting portion J1 of the metal members 201, 202; and a
welding process for provisionally joining the tab member 203
to the metal member 201, 202 by welding.

In the butting process, as shown in FIG. 11A, the side
surface 2015 of the metal member 201 is butted against the
end surface 2024 of the metal member 202 in order to be
joined together. The end surface 201a of the metal member
201 and the side surface 202¢ of the metal member 202 are
arranged to be flush with each other. That is, in the butting
process, the metal members 201, 202 are butted against each
other orthogonally so as to form a L.-shape in a side view. The
metal members 201, 202 may be made of a metal capable of
friction stirring, and in the present embodiment an aluminum
alloy is used.

In the tab member disposing process, as shown in FIG.
11B, atab member 203 is located on one peripheral side of the
butting portion J1 of the metal members 201, 202 so as to
come into contact with the side surface 2014 of the metal
member 201 and with the side surface 2024 of the metal
member 202. The front surface 203a of the tab member 203,
the side surface 202¢ of the metal member 202 and the end
surface 201q ofthe metal member 201 are arranged flush with
one another.

In the welding process, the metal members 201, 202 and
the tab member 203 are welded to be joined together.

After the preparation process, the metal members 201, 202
and tab member 203 are placed on the platform of the friction
stirring apparatus (not shown), and are fixed to be unmovable
using a jig such as a clamp (not shown).

(2) Preliminary Process

The preliminary process includes a provisional joining
process for provisionally joining the butting portion J1 of the
metal members 201, 202. Specifically, as shown in FIG. 11B,
the provisional joining rotary tool G is inserted into the tab
member 203, and the friction stir welding is carried out on the
butting portion J1 from the outer side (a side of the surfaces
forming the outer corner) of the metal members 201, 202. In
the provisional joining process, as shown in FIG. 2B, the
provisional joining rotary tool G is moved with the lower
surface of the shoulder portion G1 pushed into the metal
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members 201, 202. After joining the entirety or a part of the
butting portion J1, the tab member 203 is cut off from the
metal members 201, 202. In the present embodiment,
although the provisional joining process is carried out by the
friction stir welding, the provisional joining of the metal
members 201, 202 may be carried out by normal welding for
example.

(3) Primary Joining Process

After the preliminary process is completed, the primary
joining process is carried out for firmly joining the metal
members 201, 202 together at the butting portion J1 therebe-
tween. In the primary joining process according to the present
embodiment, as shown in FIG. 12A, a back support member
T is first located on the surfaces forming the outer corner of
the metal members 201, 202. The back support member T is
a metal member formed in a L-shape in a plan view, and is
brought into contact with the side surface 201¢ and the end
surface 201a of the metal member 201 and with the side
surface 202¢ of the metal member 202. Then, the metal mem-
bers 201, 202 and the back support member T are placed on
the platform of the friction stirring apparatus (not shown), and
are fixed to be unmovable using a jig such as a clamp (not
shown).

Next, in the primary joining process, the primary joining
rotary tool F in a rotating state is inserted into the inner corner
of the metal member 201 and the metal member 202 (the
corner formed by the side surface 2015 and the side surface
202b), and the friction stir welding is carried out on the
butting portion J1. In the primary joining process, as shown in
FIG. 12A and FIG. 12B, the connection portion F1 of the
primary joining rotary tool F is kept away from the metal
members 201, 202, and only the stirring pin F2 is inserted into
the butting portion J1.

Moreover, in the primary joining process, as shown in FI1G.
12B, the friction stir welding is carried out with the rotation
center axis Fc of the primary joining rotary tool F being
inclined. That is, in the primary joining process, the rotation
center axis Fc of the primary joining rotary tool F is inserted
into the intersection line C1 of the side surface 2015 and the
side surface 2024, and positioned between the side surface
2015 of the metal member 201 and the imaginary reference
plane C which extends through the intersection line C1 and
forms an angle o/2 (in the present embodiment, ¢=90°) with
respect to both of the side surface 2015 and the side surface
202b. In the primary joining process, the plasticized region
W1 formed in the primary joining process is overlapped with
the plasticized region w formed in the provisional joining
process. It should be noted that the position of the rotation
center axis Fc includes neither the position of the side surface
2015 nor the position of the imaginary reference plane C, so
as not to overlap the side surface 2015 or the imaginary
reference plane C.

(4) Repairing Process

After the primary joining process is completed, the repair-
ing process is carried out on the plasticized region W1 formed
in the metal members 201, 202 by the primary joining pro-
cess. In the repairing process of the present embodiment, as
shown in FIG. 13, the buildup welding is carried out on the
upper surface of the plasticized region W1.

In the primary joining process, although a groove tends to
be formed due to lack of metal on the upper surface (front
surface) of the plasticized region W1, such insufficient metal
can be replenished by carrying out the buildup welding. As
shown in FIG. 13, it is preferred that the weld metal N formed
by the buildup welding is formed so as to be flush with the side
surface 2015 of the metal member 201 and the side surface
2025 of the metal member 202. It should be noted that, the
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buildup welding may be carried out on the depressed groove,
which has been formed in advance by carrying out slot mill-
ing on the upper surface of the plasticized region W1 before
carrying out the buildup welding. Moreover, if the groove is
relatively shallow, the groove formed by the friction stir weld-
ing may be removed by carrying out plain milling on the side
surface 2015 of the metal member 201 and the side surface
2025 of the metal member 202, instead of the buildup weld-
ing.

According to the friction stir welding of the present
embodiment described above, since only the stirring pin F2 is
inserted in the metal members 201, 202 in the primary joining
process in order to join the metal members 201, 202 together
at the inner corner thereof, the damage to the side surface
2015 of the metal member 201 and to the side surface 2025 of
the metal member 202 during joining can be reduced. More-
over, since the conventional holding block is not used, the
joining portion can be observed visually. Thus, an operator
can grasp the situation of joining etc to facilitate the opera-
tion.

Moreover, in the primary joining process, the air-tightness
and water-tightness can be enhanced by making the plasti-
cized region W1 formed in the primary joining process to
overlap the plasticized region w formed in the provisional
joining process. Moreover, by carrying out the provisional
joining process by means of the provisional joining rotary
tool G which is smaller than the primary joining rotary tool F,
the metal members 201, 202 can be prevented from separating
away from each other.

Moreover, in the primary joining process, by inclining the
primary joining rotary tool F toward the metal member 201,
the stirring pin F2 can be inserted down to a deep location of
the butting portion J1 as compared to when the stirring pin F2
is inserted along the imaginary reference plane C shown in
FIG. 12B for example, i.e., when the angles formed between
the rotation center axis Fc and the side surfaces 2015, 20254
are 45° with respect to the orthogonally arranged metal mem-
bers 201, 202. Thus, the joining can be carried out down to a
deep location of the butting portion J1.

Moreover, an insufficient amount of metal caused in the
primary joining process can be replenished by carrying out
buildup welding on the plasticized region W2 formed in the
primary joining process.

Third Embodiment

Next, the friction stir welding method according to the
third embodiment of the present invention will be explained.
The third embodiment includes (1) a preparation process, (2)
a preliminary process, (3) a first primary joining process, (4)
a second primary joining process, and (5) a repairing process.
The third embodiment shows an example in which the metal
members 1, 2 joined together are thicker than those in the
second embodiment. The third embodiment is different from
the second embodiment in that the primary joining process is
carried out twice. Since (1) the preparation process and (2) the
preliminary process are same as those in the second embodi-
ment, they are not explained in detail.

(3) First Primary Joining Process

In the first primary joining process, as shown in FIG. 14A,
the primary joining rotary tool F in a rotating state is inserted
into the butting portion J1 at the inner corner of the metal
members 201, 202 in order to carry out the friction stir weld-
ing, in a substantially same manner as the primary joining
process of the aforementioned second embodiment. In the
third embodiment, since the thicknesses of the metal mem-
bers 201, 202 are large, even if the insertion angle of the
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primary joining rotary tool F is inclined toward the metal
member 201, the plasticized region W1 formed in the primary
joining process does not overlap the plasticized region w
formed in the provisional joining process.

(4) Second Primary Joining Process

In the second primary joining process, the friction stir
welding is carried out by means of the primary joining rotary
tool F from the surfaces forming the outer corner of the metal
members 201, 202. Specifically, as shown in FIG. 14B, the
rotating stirring pin F2 of the primary joining rotary tool F is
inserted from the end surface 201a of the metal member 201
and from the side surface 202¢ of the metal member 202, and
is moved along the butting portion J1. In the second primary
joining process, the connection portion F1 of the primary
joining rotary tool F is kept away from the metal members
201, 202, and only the stirring pin F2 is inserted into the
butting portion J1. The plasticized region W2 formed in the
second primary joining process is overlapped with the plas-
ticized region W1 formed in the first primary joining process.
In the second primary joining process of the present embodi-
ment, the stirring pin F2 is maneuvered so as to reach the
plasticized region W1. Thus, the butting portion J1 can be
joined more securely.

It should be noted that, in the second primary joining
process, the friction stir welding may be carried out on the
metal members 201, 202 with tab members provided as
appropriate. The tab members used in the provisional joining
process may be used in the second primary joining process,
without cutting and removing it.

(5) Repairing Process

In the repairing process, the buildup welding is carried out
on the upper surfaces of the plasticized region W1 formed in
the first primary joining process and of the plasticized region
W2 formed in the second primary joining process in order to
replenish insufficient metal, in the same manner as the repair-
ing process of the second embodiment.

According to the third embodiment described above, a
substantially same effect as in the second embodiment is
obtained, and the air-tightness and water-tightness can be
enhanced by carrying out the second primary joining process,
because the friction stir welding is carried out over the entire
extension of the butting portion J1, even though the metal
members 1, 2 are thick. Moreover, according to the primary
joining rotary tool F, the load exerted on the friction stirring
apparatus is reduced so that the stirring pin F2 can be inserted
into a deep location.

It should be noted that the second primary joining process
is carried out by means of the primary joining rotary tool F in
the present embodiment, but it is not the only option. For
example, a rotary tool having a shoulder portion and a long
stirring pin may be used.

In the above, the embodiments of the present invention are
described, but the design can be changed as appropriate
within the scope not contradicting the spirit of the present
invention. For example, in the present embodiment the metal
members 201, 202 are butted against each other orthogonally,
but they can be butted at any angle, as far as the angle is not
180° between the side surface 2015 of the metal member 201
and the side surface 2025 of the metal member 202. More-
over, the metal members 201, 202 may be cut in an oblique
shape at the end surfaces 2014, 202a thereof, and then butted
against each other, for example.

WORKING EXAMPLES

In working examples 1-3, the plasticized regions were
formed by moving three primary joining rotary tools FA, FB,
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FC different in size from one another, a predetermined length
over the front surface 12 of the flat metal member 1 made of
aluminum alloy, under different conditions of rotating speed
settings for the respective rotary tools and of the pilot holes.
Then, the cut surfaces of the plasticized regions were
observed. With regard to the reference signs and dimensions
in the working examples, FIG. 1 should be referred to where
necessary. The friction stir welding was carried out by rotat-
ing clockwise the primary joining rotary tool and inserting
only the stirring pin F2 into the metal member 1, with the
connection portion F1 kept away from the metal member 1.

Working Example 1

FIG. 15 shows the conditions of working example 1 and the
cross-sectional views of respective plasticized regions. In
working example 1, testings were carried out in respective
conditions for the specimens Nos. 1-3 by means of the pri-
mary joining rotary tool FA. The outer diameter X1 and
thickness X2 of the connection portion F1 of the primary
joining rotary tool FA were 140 mm and 40 mm, respectively
(referto FIG. 1A). The length Y1, the base end outer diameter
Y2 and the leading end outer diameter Y3 of the stirring pin
F2 were 55 mm, 32 mm and 16 mm, respectively. A spiral
groove F3 of the left-handed screw was formed on the outer
circumferential surface of the stirring pin F2, by being
engraved thereon at 2 mm depth and 2 mm pitch.

FIG. 16 is a sectional view for explaining working example
1. The dimension t1 of an insertion depth is the length from
the leading end of the inserted stirring pin F2 to the front
surface 12. The pilot hole K had a cylindrical shape, and was
set to a diameter t2=20 mm and a depth t3=45 mm.

As shown in FIG. 15, joining defects were not observed in
any of the specimens Nos. 1-3 of working example 1. A
stepped portion P was formed on the front surface 12 of the
metal member 1. The stepped portion P became deeper as it
went leftward viewing in the traveling direction of the pri-
mary joining rotary tool FA. The stepped portion P is consid-
ered to be formed by the metal that was plasticized and
fluidized by the friction stir welding and scattered or flowed
outward so as to form burrs L. The burrs L were concentrated
around the left side viewing in the traveling direction of the
primary joining rotary tool FA. When the primary joining
rotary tool FA was used, the difference in the rotating speed of
the tool did not have a large influence.

Working Example 2

FIG. 17 shows the conditions of working example 2 and the
cross-sectional views of respective plasticized regions. In
working example 2, testings were carried out in respective
conditions of the specimens Nos. 4-7 by means of the primary
joining rotary tool FB. The outer diameter X1 and the thick-
ness X2 of the connection portion F1 of the primary joining
rotary tool FB were 140 mm and 55 mm, respectively (referto
FIG. 1A). The length Y1, the base end outer diameter Y2 and
the leading end outer diameter Y3 of the stirring pin F2 were
77 mm, 38 mm and 16 mm. A spiral groove F3 of the left-
handed screw was formed on the outer circumferential sur-
face of the stirring pin F2, by being engraved thereon at 2 mm
depth and 2 mm pitch.

FIG. 18 is a sectional view for explaining working example
2.

The dimension t4 of an insertion depth was the length from
the leading end of the inserted stirring pin F2 to the front
surface 12. The pilot hole K was made up of a wide portion K1
and a narrow portion K2 formed beneath the bottom surface

10

15

20

25

30

35

40

45

50

55

60

65

18
of the wide portion K1. Both of the wide portion K1 and the
narrow portion K2 had a cylindrical shape. The diameter and
the depth of the wide portion K1 were t5 and t7, respectively,
and the diameter and the depth of the narrow portion K2 were
16 and t8, respectively.

As shown in FIG. 17, joining defects were not observed in
any of the specimens Nos. 4-7 of working example 2. A
stepped portion P was formed on the front surface 12 of the
metal member 1. The stepped portion P is considered to be
formed by the metal that is plasticized and fluidized by the
friction stir welding and scattered or flowed outward so as to
form burrs L. Regarding Nos. 4 and 5, the metal pattern of the
upper portion was different from the metal pattern of the
lower portion in the plasticized region W. This is probably
because the metal of the upper area in the plasticized and
fluidized metal is prone to be heated to a high temperature due
to a high rotating speed of the tools in Nos. 4 and 5. On the
other hand, since the rotating speed of the tool is low in Nos.
6 and 7, the patterns of the plasticized region W thereof were
substantially uniform. Regarding the specimen No. 7, the
stepped portion P was relatively small.

Working Example 3

FIG. 19 shows the conditions of working example 3 and the
cross-sectional views of respective plasticized regions. In
working example 3, testings were carried out in respective
conditions of the specimens Nos. 8-11 by means of the pri-
mary joining rotary tool FC. The outer diameter X1 and the
thickness X2 of the connection portion F1 of the primary
joining rotary tool FC were 140 mm and 45 mm, respectively
(referto FIG. 1A). The length Y1, the base end outer diameter
Y2 and the leading end outer diameter Y3 of the stirring pin
F2 were 157 mm, 54.7 mm and 16 mm, respectively. A spiral
groove F3 of the left-handed screw was formed on the outer
circumferential surface of the stirring pin F2, by being
engraved thereon at 2 mm depth and 2 mm pitch.

As shown in FIG. 19, joining defects were observed in the
area of reference sign Q (left side viewing in the traveling
direction of the rotary tool) of the specimens Nos. 8-10 of
working example 3. A relatively large stepped portion P was
formed at the front surface 12 of the metal member 1. The
stepped portion P is considered to be formed by the metal that
is plasticized and fluidized by the friction stir welding and
scattered or flowed outward so as to form burrs L. On the other
hand, because the insertion depth was set to a short length in
the specimen No. 11 (about half the length of the stirring pin
F2 was inserted), no stepped portion was made substantially.

Working Examples 4-6

In working examples 4-6, as shown in FIG. 20, totally 20
pieces of primary joining rotary tools, with 5 types of pin
angle (angle between the rotation axis and the outer circum-
ferential surface of the stirring pin) and 4 types of screw
thread depth and screw pitch, were prepared, and respective
joined states were studied.

As shown in FIG. 20, the metal member Z to be joined was
made of aluminum alloy, and formed with a V-shaped groove
Za having a V-shaped cross-section. The angle of a V-shaped
groove Zawas 90°. In each working example, only the stirring
pin of each primary joining rotary tool was inserted into the
V-shaped groove Za at a predetermined depth, and was moved
along a predetermined distance in the longitudinal direction
of'the V-shaped groove Za. The insertion depths of the stirring
pins in each working example were set to a common depth.
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As shown in the vertical direction of FIG. 21 and FIG. 22,
A-series of primary joining rotary tools had a pin angle 0of 9.5
degree; B-series of primary joining rotary tools had a pin
angle of 14 degree; C-series of primary joining rotary tools
had a pin angle of 18.4 degree; D-series of primary joining
rotary tools had a pin angle of 23 degree; and E-series of
primary joining rotary tools had a pin angle of 27.6 degree.

Moreover, as shown in the lateral direction of FIG. 21 and
FIG. 22, 1-series had a screw thread depth of 0.4 mm and a
screw pitch of 0.5 mm; 2-series had a screw thread depth of
1.0 mm and a screw pitch of 1.0 mm; 3-series had a screw
thread depth of 1.8 mm and a screw pitch of 2.0 mm; and
4-series had a screw thread depth of 2.5 mm and a screw pitch
of 3.0 mm. For example, as shown in FIG. 21, the primary
joining rotary tool C-2 had a pin angle of 18.4 degree, a screw
thread depth of 1.0 mm, and a screw pitch of 1.0 mm.

Moreover, the term “material reduction amount of the fillet
portion (mm?®)” mentioned below means, as shown in FIG.
23 A, the sectional area of the region surrounded by: the upper
surface Z1 of the plasticized region W formed after the fric-
tion stir welding; the side walls Z2, 72 of the metal member
Z; and the imaginary extension line Z3 of the V-shaped
groove Za. It should be noted that, if joining defects are
present in the inside of the plasticized region W, the sectional
areas of the regions of this joining defects are also added as
“material reduction amount of the fillet portion (mm?).”

Moreover, the term “screw sectional area (mm?®)” men-
tioned below means, as shown in FIG. 23B, the summation of
sectional areas of regions surrounded by the spiral groove F3
and the imaginary line F4 extending along the outer circum-
ferential surface of the stirring pin F2 (portions depicted with
dots).

Working Example 4

In working example 4, the friction stir welding was carried
out by using totally 20 types of primary joining rotary tools
consisting of the aforementioned primary joining rotary tools
A-1 to A-4, the primary joining rotary tools B-1 to B-4, the
primary joining rotary tools C-1 to C-4, the primary joining
rotary tools D-1 to D-4, and the primary joining rotary tools
E-1 to E-4, and by setting the rotating speed to 1000 rpm and
the joining speed (moving speed) to 100 mm/min.

As shown in FIG. 24 and FIG. 25, as the pin angle becomes
larger, the cross-sectional area of the plasticized region W
becomes larger. Moreover, as the screw thread depth and
screw pitch become large, the plasticized region W is formed
at a deeper location and the material reduction amount of the
fillet portion becomes larger.

Moreover, as shown in FIG. 24 and FIG. 25, a joining
defect Q occurred in the primary joining rotary tool A-1. In
the primary joining rotary tool B-2, the material reduction
amount was so large as to cause a poor joining. The joined
states were generally good except for the primary joining
rotary tools A-1 and B-2.

Regarding the 4 series (A-4, B-4, C-4, D-4) shown in FIG.
25, the lower surface of the metal member Z was deformed so
as to protrude downward. Moreover, in the series 1 and 4,
many burrs were formed.

Working Example 5

In working example 5, the friction stir welding was carried
out by using the aforementioned 20 types of primary joining
rotary tools, and by setting the rotating speed to 1000 rpm and
the joining speed to 200 mm/min.
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As shown in FIG. 26 and FIG. 27, joining defects Q were
formed by the primary joining rotary tools A-1, B-1,C-1,D-1,
B-2 and C-2. Moreover, in the primary joining rotary tool
A-2, the reduced amount was so large as to cause a poor
joining. Regarding other primary joining rotary tools, the
joined states were generally good.

Observing working examples 4 and 5 on the whole teaches
that, the lower the joining speed is (working example 4), the
lower the incidence rate of the joining defect Q is. Moreover,
it can be appreciated that, as the screw thread depth and the
screw pitch become larger, the reduced amount becomes
larger, but the incidence rate of joining defect becomes lower.

FIG. 28 is a graph showing the relationship between the
screw sectional area and the material reduction amount of the
fillet portion in working example 4. FIG. 29 is a graph show-
ing the relationship between the screw sectional area and the
material reduction amount of the fillet portion in working
example 5. When the screw sectional area was too small, the
joining defect Q tended to occur. On other hand, when the
screw sectional area was too large, the material reduction
amount of the fillet portion tended to increase. Thus, the
screw sectional area is preferably 50-180 mm?, and more
preferably 100-150 mm?>.

Working Example 6

In working example 6, plasticized regions were formed by
moving the aforementioned 20 types of primary joining
rotary tools relative to the metal members Z which are in the
shape of a flat plate (with no V-shaped groove), and the cut
surfaces thereof were observed. In working example 6, the
rotating speed was fixed at 1000 rpm, while the joining speed
was varied to either one of 100 mm/min, 200 mm/min, 300
mm/min, and 500 mm/min.

FIG. 30 is sectional views showing the results of working
example 6, where the rotating speed of the primary joining
rotary tool B-1 was set to 1000 rpm and the joining speed was
set to either one of 100 mm/min, 200 mm/min, 300 mm/min,
and 500 mm/min. FIG. 31 is sectional views showing the
results of working example 6, where the rotating speed of the
primary joining rotary tool C-1 was set to 1000 rpm and the
joining speed was set to either one of 100 mm/min, 200
mm/min, 300 mm/min, and 500 mm/min. FIG. 32 is sectional
views showing the results of working example 6, where the
rotating speed of the primary joining rotary tool A-4 was set
to 1000 rpm and the joining speed was set to either one of 100
mm/min, 200 mm/min, 300 mm/min, and 500 mm/min.

Referring to FIG. 30 and FIG. 31, as the joining speed
increases, the joining defect Q becomes larger. Moreover,
referring to FIGS. 30-32, as the joining speed increases, the
burrs increase in amount.

FIG. 33 is a cross-sectional view showing results of work-
ing example 6 in which the rotating speed was set to 1000 rpm
and the joining speed was set to 100 mm/min.

FIG. 34 is a cross-sectional view showing results of work-
ing example 6 in which the rotating speed was set to 1000 rpm
and the joining speed was set to 200 mm/min.

FIG. 35 is a cross-sectional view showing results of work-
ing example 6 in which the rotating speed was set to 1000 rpm
and the joining speed was set to 300 mm/min.

FIG. 36 is a cross-sectional view showing results of work-
ing example 6 in which the rotating speed was set to 1000 rpm
and the joining speed was set to 500 mm/min.

Considering FIGS. 33-36 totally, it is preferred that the
joining speed be set to a slow speed, and the screw thread
depth and screw pitch be set to a large size.
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DESCRIPTION OF REFERENCE NUMERALS

1 metal member

2 first tab member

3 second tab member

4 refill member

12 front surface

13 back surface

F primary joining rotary tool
F1 connection portion

F2 stirring pin

G provisional joining rotary tool
G1 shoulder portion

(32 stirring pin

J1-J4 butting portion

K pilot hole

M depressed groove

W1 plasticized region
w1-w3 plasticized region

What is claimed is:

1. A method of friction stir welding for joining two metal
members together using a rotary tool including a stirring pin,
comprising

a butting step for butting the metal members against one
another at corresponding flat surfaces to form a butting
portion;

a primary joining step for inserting the stirring pin in a
rotating state into the butting portion of the metal mem-
bers and carrying out friction stir welding with only the
stirring pin contacting with the metal members, wherein
a depressed groove is formed on a front surface of a
plasticized region during the primary joining step; and

a repairing step for reforming the depressed groove, dis-
posing a refill member at the reformed depressed groove
and joining the refill member to the metal members.

2. The method of friction stir welding according to claim 1,

comprising

a provisional joining step for joining the metal members
together provisionally before carrying out the primary
joining step.

3. The method of friction stir welding according to claim 1,

comprising

disposing a tab member in a vicinity of the butting portion
and forming a pilot hole in the tab member, and then
inserting the stirring pin into the pilot hole to carry out
the primary joining step.

4. A method of friction stir welding for joining two metal
members together using a rotary tool including a stirring pin,
comprising:

a butting step for butting the metal members against one

another with an angle to form a butting portion; and

afirst primary joining step for inserting the stirring pinin a
rotating state into an inner corner of the metal members
and carrying out friction stir welding on the butting
portion with only the stirring pin contacting with the
both metal members,

wherein a spiral groove is formed on an outer circumfer-
ential surface of the stirring pin, and
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apin angle between a rotation center axis of the rotary tool
and the outer circumferential surface is 9.5 to 27.6
degrees.

5. A method of friction stir welding for joining two metal
members together using a rotary tool including a stirring pin,
comprising:

a butting step for butting the metal members against one

another with an angle to form a butting portion;

a first primary joining step for inserting the stirring pinin a
rotating state into an inner corner of the metal members
and carrying out friction stir welding on the butting
portion with only the stirring pin contacting with the
both metal members; and a second primary joining step
for inserting the stirring pin in a rotating state into a
surface forming an outer corner of the metal members
and carrying out friction stir welding on the butting
portion with only the stirring pin contacting with the
both metal members.

6. The method of friction stir welding according to claim 5,
wherein a plasticized region formed in the first primary join-
ing step and a plasticized region formed in the second primary
joining step overlap each other.

7. The method of friction stir welding according to claim 5,
wherein

in the butting step, a side surface of one metal member is
butted against an end surface of the other metal member,
with an angle o at an inner corner formed by the side
surface of the one metal member and a side surface of the
other metal member, and

in the first primary joining step, a rotation center axis of the
rotary tool inserted into an intersection line of the side
surfaces is positioned between an imaginary reference
surface and the side surface of the one metal member, the
imaginary reference surface passing through the inter-
section line and forming an angle o/2 with the side
surfaces.

8. A method of friction stir welding for joining two metal
members together using a rotary tool including a stirring pin,
comprising:

a butting step for butting the metal members against one

another with an angle to form a butting portion;

a first primary joining step for inserting the stirring pinin a
rotating state into an inner corner of the metal members
and carrying out friction stir welding on the butting
portion with only the stirring pin contacting with the
both metal members; and a provisional joining step for,
before the first primary joining step, inserting a rotary
tool in a rotating state into a surface forming an outer
corner of the metal members and joining the butting
portion provisionally.

9. The method of friction stir welding according to claim 8,
wherein in the first primary joining step, the plasticized
region formed in the first primary joining step overlaps the
plasticized region formed in the provisional joining step.

10. The method of friction stir welding according to claim
4, comprising

a step for carrying out buildup welding on a plasticized
region formed in the first primary joining step.
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